Down-regulation of BRCA1-BARD1 ubiquitin ligase by CDK2.
BRCA1, a breast and ovarian tumor suppressor, is a phosphoprotein whose cellular expression level is regulated in a cell cycle-dependent manner. BRCA1 interacts with BARD1 to generate significant ubiquitin ligase activity which catalyzes nontraditional Lys-6-linked polyubiquitin chains. However, it is not clear how the activity is regulated and how this affects BRCA1's multiple cellular functions. Here we show that the ubiquitin ligase activity of BRCA1-BARD1 is down-regulated by CDK2. During the cell cycle, BARD1 expression can largely be categorized into three patterns: moderately expressed in a predominantly unphosphorylated form in early G(1) phase, expressed at low levels in both phosphorylated and unphosphorylated forms during late G(1) and S phases, and highly expressed in its phosphorylated form during mitosis coinciding with BRCA1 expression. CDK2-cyclin A1/E1 and CDK1-cyclin B1 phosphorylate BARD1 on its NH(2) terminus in vivo and in vitro. Intriguingly, the BRCA1-BARD1-mediated in vivo ubiquitination of nucleophosmin/B23 (NPM) and autoubiquitination of BRCA1 are dramatically disrupted by coexpression of CDK2-cyclin A1/E1, but not by CDK1-cyclin B1. The inhibition of ubiquitin ligase activity is not due to the direct effect of the kinases on BARD1 because an unphosphorylatable mutant of BARD1, S148A/S251A/S288A/T299A, is still inhibited by CDK2-cyclin E1. Alternatively, BRCA1 and BARD1 are likely exported to the cytoplasm and their expressions are remarkably reduced by CDK2-cyclin E1 coexpression. Recognizing the importance of cyclin E1 overexpression in breast cancer development, these results suggest a CDK2-BRCA1-NPM pathway that coordinately functions in cell growth and tumor progression pathways.